Introduction
The photo-induced orientation of polymeric films has received much attention due to its potential use in many kinds of optical and photonics applications. A polymethacrylate which as a hexamethylene spacer group terminated with a 4-oxycinnamic acid (P6CAM ( Fig. 1(a) )) in its side chain, exhibits a large photoinduced molecular reorientation with a high photo-reactivity toward linearly polarized UV (LPUV) light. [1, 2] . Figure 1(b) shows a polarization optical micrograph (POM) of the P6CAM film reoriented by LPUV irradiation through a 30-m line-and-space (L&S) photomask. In this case, the film was heated at 170 C for 10 min after LPUV irradiation. The bright-field of the polarization micrograph indicates the unidirectional orientation of P6CAM. The dark-field shows that the orientation direction of P6CAM is random. As shown in Fig. 1(b) , we can control the orientation of P6CAM by LPUV irradiation and heat treatment. However, the photoprocess using a photomask has a limited grating period due to the resolution of the molecular orientation.
Nanoimprint lithography (NIL) [3] [4] [5] is a simple process to fabricate nanostructure devices with high resolution. We reported that P6CAM was aligned by thermal nanoimprinting using line and space (L&S) pattern mold [6] . We confirmed that the P6CAM molecules were reoriented parallel to the imprinted line on the imprinted P6CAM film in the case of using a normal L&S pattern mold. If a mold with bidirectional L&S pattern is used for the thermal nanoimprint on the P6CAM, two reorientation directions of the molecules according to the bidirectional mold pattern may be induced. To confirm that, we fabricated the bidirectional line pattern mold by electron beam (EB) lithography and reactive ion etching (RIE) and then carried out thermal nanoimprinting using this mold on the P6CAM film on a glass substrate, subsequently evaluated the molecular orientation by measuring the We examined the orientation direction of the P6CAM 3D structure by measuring the diffraction efficiencies using linearly polarized (LP) 633-nm light from 0 to 180. If the P6CAM is reoriented by thermal nanoimprinting, the diffraction efficiency depend on the rotation angle of the incident LP light. diffraction efficiency. Figure 2 shows the illustration of bidirectional line pattern. The linewidth was 2 m. The line heights were 200 and 100 nm. The two line patterns crossed each other at right angles. The mold was coated with an antisticking layer. We used a thin polydimethylsiloxane (PDMS) layer as the antisticking layer [7] .
3D structure fabrication of P6CAM
We carried out thermal nanoimprinting using this mold. The P6CAM was spin-coated on the glass substrate. The mold and P6CAM substrate were heated by 165 C during thermal nanoimprinting. The imprinting pressure and pressing time were 15 MPa and 4 min, respectively. After thermal nanoimprinting, we observed the fabricated P6CAM structure by POM under crossed-nicols and atomic force microscopy (AFM), as shown in Fig. 3 . The POM image showed the pattern contrast which means the molecular orientation related the pattern configuration. In addition, the 3D structure was successfully imprinted on P6CAM, as shown in Fig. 3(b) . lowest at 0 and the highest at 90. These results indicates that the P6CAM was reoriented parallel to each line. We next changed the angle between the 200 nm-height and 100 nm-height line patterns and evaluated the molecular orientation. Figure 6 shows the relationship between the directions of incident LP light and imprinted liens in the optical measurement. The angle between the line patterns was 45. The relationship between the 200 nm-height-line pattern and incident LP light was the same as Fig. 4 . On the other hand, that of 100 nm-height-line pattern was different. When the rotation angle of incident LP light was 45, the light direction is perpendicularly to the 100 nm-height-line pattern. At 135, it is parallel to the 100 nm-height-line pattern. Figure 7 plot the 0th and 1st-order diffraction efficiencies of the P6CAM 3D structure, which has 45 angle between two line patterns, as a function of the incident polarization angle. Although the diffraction efficiency of the 1st-order diffracted light of the 200 nm-height-line pattern was the same tendency of Fig. 5 , that of the 1st-order diffracted light of the 100 nm-height-line pattern was the highest at 135 and the lowest 45. These results also indicates that the P6CAM was reoriented parallel to each line. We proved from these results that the reorientation direction of the P6CAM was determined by the direction of the line fabricated by nanoimprinting.
Molecular orientation evaluation of P6CAM 3D structure

